Abstract-Ferrous cake of copper-nickel production-koagel or ferrogel-transforms into the lyosol state under the effect of flocculants, which is accompanied by the release of coprecipitated nonferrous metals. The effective flocculant-iron(III) chloride-is established, which can be prepared immediately from the ferrous cake upon its dissolution in hydrochloric acid. The optimal molar ratio of iron(III) in the flocculant and fer rous cake is determined. A material balance of peptization allowing for flocculant preparation is proposed. It is shown that the use of the flocculant makes it possible to increase the extraction of nonferrous metals from the cake by 60-80% on average during the first repulping compared with the solution of sulfuric acid and water applied according to the acting technology.
INTRODUCTION
Studies in the direction of processing the iron hydrate waste are oriented to the search for conditions under which the filtration of an amorphous pulp improves. The authors of [1] suggest preparing the crystalline precipitates due to the jarositization of the cake in an autoclave in the presence of alkali metal ions. A decrease in resistance during filtration is attained due to passing the sulfurous gas through the anolyte entering the iron purification [2] .
In this study we show a glance at the ferrous cake not simply as iron(III) hydroxide containing copre cipitated ferrous metals, but as a colloid system-koa gel of ferrogel [3] . Such a consideration allows us to interpret many physical and chemical processes in an amorphous pulp during its sulfuric acid repulping and treatment with flocculants.
In our opinion, an amorphous pulp of Fe(OH) 3 is formed during the hydrolytic deposition of iron(III) hydroxide in an amorphous cake and micelles are par tially formed in it under the effect of highly concen trated nickel anolyte:
However, the micelle formation proceeds to an insignificant extent in view of the weak peptizing activity of nonferrous metal ions and high adsorption ability of an amorphous pulp [4] . Metal ions in the Water is formed in the micelle due to the chemical interaction between OH -groups and H + ions and, consequently, the amorphous structure is jarositized with the formation of iron hydroxysulfates. Exactly for this reason, sulfuric acid repulping enables recovering a larger amount of coprecipitated nonferrous metals from the ferrous cake than simply repulping with water, while the repeatedly repulped and washed fer rous cake becomes chemically inert [5] .
If the primary ferrous cake is not washed, then its chemical activity considerably decreases during age ing due to the dehydration of the amorphous precipi tate because of the partial transformation of Fe(OH) 3 into crystalline goethite α FeOOH and an inactive form of amorphous iron(III) hydroxide [6] [7] [8] .
The ability of the primary ferrous cake to micelle formation indicates the possibility of selecting the effective flocculant, with the help of which colloid aggregates can be destructed-this is the so called colloid dissolution or peptization, and thereby the output and recycle of nonferrous metals can be increased.
During peptization, the pulp dilutes with an increase in its chemical activity, which was noted in [9, 10] as an increase in the degree of reduction of iron(III) to iron(II) by the sodium sulfite solution.
This study was aimed at investigating the output of nonferrous metals by a ferrous cake during the pepti zation of the iron(III) hydroxide koagel, the selection of the effective flocculant, and the establishment of optimal quantitative ratios between reagents in the process under study.
EXPERIMENTAL
For the experiment, we took the primary ferrous cake selected at the TsEN 1 shop of nickel electrolysis of the Severonikel' combine (Monchegorsk) of the OAO Kola Mining Company.
When selecting the flocculant, we were governed by the following requirements:
(i) the flocculant should not contaminate the pulp and filtrate;
(ii) ions with a maximally high charge should enter the flocculant composition at its smallest consump tion to create the repulsion forces between micelles (an analogy with the Schulze-Hardy rule for the coagulation);
(iii) the flocculant should be prepared from low cost materials at hand.
Flocculants based on iron(III) sulfate and iron(III) chloride corresponded to listed requirements.
RESULTS AND DISCUSSION
We decided to evaluate the flocculant efficiency by the completeness of the reaction of the ferrous cake treated by the flocculant with the sodium sulfite solu tion at pH = 3.0 [11] .
We selected the degree of reduction of Fe(III) to Fe(II) in the ferrous cake by a one molar sodium sulfite solution at pH = 3.0 as the response function to the peptization completeness. The flocculant was introduced into the pulp in the form of 0.5 M solu tions.
It follows from the figure that iron(III) chloride is the most active flocculant. The special role of chloride ions during the peptization is understood incom pletely. We assume that their small size when com pared with the sulfate ions (due to which Cl -ions pen etrate the dense micelle layer more easily) plays the key role. We also cannot exclude the influence of com plex formation, which is described by the following equilibria [9] : It is reasonable to evaluate the peptizing action of hydrochloric acid:
It is seen from the above presented equation of reactions that hydrochloric acid introduced into the cake with iron(III) chloride also plays the role of the flocculant; therefore, the efficiency of peptization can be affected only by the lack of HCl.
The material balance of peptization per 1000 kg of Fe(OH) 3 in the taken ferrous cake is presented in Table 1 .
The efficiency of using iron chloride as the floccu lant clearly manifests itself in the following experi ment. The ferrous cake was averaged and three sam ples (50 g each) were taken. Water was added to the first sample, 0.1 M sulfuric acid solution was poured to the second one, and the FeCl 3 flocculant was prelimi narily admixed to the third one and then water was added. The pulp volume was 250 mL in each case. Flasks were placed into a shaker for 1 h and then the filtrate was separated and its composition was analyzed (Table 2) . Experimental results allow us to affirm that the introduction of the flocculant increases the recovery of nonferrous metals into the solution when compared with water and sulfuric acid solution applied according to the acting technology by 80 and 60% on average, respectively.
CONCLUSIONS
The consideration of the primary ferrous cake of the colloid-chemical system allowed us to determine the intensification direction of iron removal from industrial nickel solutions due to the use of peptization to increase the output of nonferrous metals from the ferrous cake and select an effective flocculantiron(III) chloride. 
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